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The present invention relates to a method for reporting the quality of a 
transmission channel between a transmitter and a receiver. The invention can be 
applied, in particular, to a mobile telecommunication system supporting HSDPA. 

5 It has been recently proposed within the framework of the 3 GPP forum to 

enhance the Universal Mobile Telecommunication System (UMTS) with a High 
Speed Downlink Packet Access (HSDPA)* This new fonctionnality is aimed at 
enabling a fast access to packet services through a new transport channel called HS- 
DSCH for High Speed-Downlink Shared Channel. The physical channels to which the 

10 HS-DSCH is mapped, also called HS-PDSCHs (for High Speed Physical Downlink 
Shared Channels) can be shared by users in the time domain as well as in the code 
domaia. According to his needs, a user is allocated one or more channelisation codes 
(or spreading codes) within the HS-DSCH, Furthennore, the HS-DSCH channel is 
expected to support Hybrid ARQ and to be capable of accomodating different rates 

1 S and channel conditions by using Adaptive Modulation and Coduig ( AMC) schemes. 
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Fig. 1 represents schematically the channels involved in an HSDPA access. 
There are basically provided fifteen HS-PDSCH channels intended for the 
transmission of data from the base station (Node B) to the different user equipments 
(UEs), four channels called HS-SCCHs (for High Speed Shared Control CHannels) 
carrying the associated downlink signalling and one uplink channel called HS- 
DPCCH (for High Speed Dedicated Physical Control CHannel) capable of carrying a 
feedback information to the base station. The data sub-frames for the differents UEs 
can be code- and time-multiplexed over the HS-PDSCH channels. More specifically, 
in a given TTI (Transmission Time Interval) the HS-PDSCH channels can 
simultaneously accomodate one user to fifteen users. A more complete description of 
the shared channels in HSDPA can be found in the 3GPP specification TR 25. 858 
v.5.0,0 (available from the we^^site www.3gpp,org^ which is hereby incorporated by 
reference. 

Fig. 2 shows the process of receiving data from a base station over an HSDPA 
access. The above mentioned HS-SCCH channels numbered 0 to 3 have been 
represented in the upper part of the figure while the HS-PDSCH channels numbered 0 
to 14 and the HS-DPCCH channel have been represented below- All the channels are 
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subjected to an identical time division into so-called TTis (for Time Transmission 
Interval), each TTI corrcj^xding to 3 timeslots in UMTS-FDD (UMTS Frequency 
Division Duplex). On the other hand, a radio frame is divided into five subframes, a 
subframe being transmitted during one TTL A subfi*ame carried by an HS-SCCH 
5 channel is called a signalling subframe and a subframe carried by an HS-PDSCH 
channel is called a data subframe* For example reference numbers 210 to 260 indicate 
signalling subframes and 2 U to 261 indicate data subframes. 

The UE monitors the HS-SCCHs channels and checks with its UE ID (UE 
IDenttfier) whether a signalling subframe is assigned to the user. In the affirmative, 
10 the UE determines from the content of the signalling subframe the HS-PDSCH 
channel (among channels HS-PDSCH#0 to HS-PDSCH#14) which carries the data 
subframe intended to the user* For example, signalling subframe 220 indicates that 
HS-PDSCH#1 carries a data subfi*ame 221 for the user in question. 

The UE checks whether the user data contained in the data subframe are 
15 erroneous. If they are not, an acknowledgement indication ACK is transmitted over 
the HS-DPCCH to the base station, else a negative acknowledgement NACK is sent 
back in the same way and the base station then retransmits the user data at a later time. 

In order to enable the base station to adapt the codii^g rate and/or the modulation 
type/order to the transmission conditions, each UE reports at regular intervals the 
20 measurement of a parameter representative of the quality of the transmission channel, 
denoted CQl for Channel Quality Indicator, hereafter referred to as CQI infomiation. 
For example, if the quality of the transmission is poor, the base station may increase 
the transmission power, choose a lower coding rate and/or a lower modulation order 
and, conversely, if the quality of the transmission is high, the base station may choose 
25 a higher coding rate and/or a higher modulation order. In practice, the CQI 
information is coded as a binary word and transmitted to the base station over the HS- 
PDSCH channel. 

Fig. 3 represCTts schematically the frame structure of the HS-DPCGH channel. 
Such a frame has a total duration Tf ==lOms and is divided into five TTIs like TTls 
30 310 to 350, each TTI consisting of 3 timeslots (of duration Ts). A subframe is carried 
in one TTI and may contain an ACK/NACK information and/or a CQI information. It 
should be noted that the ACK/NACK information and the CQI information are 
transmitted independently from each other and that a subframe may contain both 
information, none of them, or only one of them. More precisely, the ACK/NACK 
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information is transmitted each time the UE receives a data subframe from the base 
station over the HSPDA access while a CQI information is transmitted at scheduled, 
periodically distributed transmission times, the determination of which is described 
into details in the 3GPP specification TS 25.214 v.5.1.0, paragraph 7 (available from 
5 the website www.3gpp.orgV The reporting period Tr separating two consecutive 
reporting times is signalled to the UE by a higher protocol layer and may take 
different values which arc expressed as a number of subframes, namely 1, 5, 10, 20, 
40 or 80 subframes. 

Fig. 4 schematically shows a time chart of the reporting of a CQI information. 

10 The UE estimated the quality of the transmission channel at times to, ti, t2, etc. and 
reports these estimates as a CQI infommtion at tunes Vo, t'l, t'2 distributed at regular 
intervals Tr, The CQI is typically measured from received pilot symbols transmitted 
by the base station over the primaiy CPICH (Common Pilot CUannel) or over a 
secondary CPICH if beamforming is used. The transmission of the pilot symbols is 

1 5 indicated in the Fig. by the dotted arrows 410, 420, 430. After the channel quality has 
been estimated, the UE transmits the corresponding CQI information at the next 
scheduled reporting time. The transmission of the CQI information over th HS- 
DPCCH channel is indicated in the Fig. by the arrows 41 1 , 421, 43 1 . 

The periodic transmission of the CQI allows the base station to track the 

20 variations of quality of the transmission channel and to adapt the transmission 
parameters (e.g. the transmission power, the coding rate or the modulation order) 
accordingly. However, the quality of the transmission channel may vary very quickly, 
especially if the UE is moving at high speed or if a comer effect occurs. If the quality 
drops between two scheduled CQI reporting times, the base station will be unable to 

25 modify the transmission paranoieters to cope with the poor transmission conditions and 
the packet error rate will increase in consequence. In order to mitigate this ef^t.« a 
possible measure would be to adopt a shorter reporting period, at the expense however 
of a significant increase of the. level of interference on the uplink because of the more 
frequent transmission of the CQI information. Conversely, a similar situation occurs 

30 when the quality of the transmission channel improves between two scheduled CQI 
reporting times: in such a situation^ the base station cannot profit firom the newly 
improved transmission conditions until the next report has been received. 
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A first object of the invention is therefore to enable a base station to track fest 
variations of the quality of a transmission channel without unduly increasing , the 
interference level. 

A second object of the invention is to enable a base station to cope with a 
deterioration of the quality of a transmission channel occurring between two 
scheduled times for reporting a channel quality information* 

A subsidiary object of the invention is to enable a base station to profit from 
an improvement of the quality of a transmission channel occurring between two 
scheduled times for reporting a channel quality information. 

The invention is defined by a method as recited in appended claim 1 . 

Advantageous embodiments of the invention are defined in the dependent 

claims. 

The characteristics of the invention mentioned above^ as well as others, will 
emerge more clearly fi-om a reading of the following description in relation to the 
accompanying figures^ amongst which: 

Fig. 1 depicts schematically the structure of an HSDPA access; 
5 Fig. 2 depicts schematically the process carried out by a user equipment for 

receiving data fi*om a plurality of downlink shared channels; 

Fig. 3 depicts schematically the frame structure of the HS-DPCCH channel; 

Fig. 4 depicts schematically a known process for reporting a channel quality 
information; 

10 Fig, 5 depicts schematically a process for reporting a channel quality 

information according to a first embodiment of the invention; 

Fig» 6 depicts schematically a process for reporting a channel quality 
information according to a second embodiment of the invention. 

IS We refer here again to a telecommunication system in which a transmitter (Node 

B) transmits data subfiames over a transmission chaimel and a receiver (UE) sends 
back to said transmitter a non-acknowledgement information (NACK) when a 
received subframe is found erroneous and an acknowledgement information (ACK) 
when a received subfirame is found free of errors. For example, the telecommunication 

20 system in question can be a UMTS telecommunication in which an HSDPA access is 
provided to the mobile terminals. It wiU be also assumed in the following that the 
receiver reports to the transmitter at predetermined scheduled times an information 
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representative of the quaUty of the transmission channel it has estimated* Typically, 
the receiver will be able to estimate the quality of the transmission channel from 
received pilot symbols (or known sequences) sent by the transmitter. An example of a 
time chart of the reporting process according to a first embodiment of the invention 
S has been Uiustrated in Fig* S. The times at which the receiver estimates the quality of 
the transmission channel are denoted as to» ti and the scheduled times at which these 
estimates are reported to the base station are denoted as t'o» t'i« For example, the 
scheduled times are regularly distributed over time with a periodicity Tr. The 
transmission of pilot symbols has been represented in the Fig. by doted arrows 510 

1 0 and 530 and the transmission of the CQI reports by the plain arrows 511 and 53 1 . 

Suppose now that the quality of the transmission channel decreases after 
scheduled time reporting time t^o* The base station will remain unaware of the 
deterioration of the transmission conditions until time t^. Furthermore, if the quality 
of the transmission channel drops and subsequently recovers its original value before 

15 t'l, for example if the CQI experiences cyclic drops due to a high &ding rate, these 
variations wiU be totally ignored by the base station. 

According to the first embodiment of the invention^ the receiver reports to the 
transtnitter an information representative of the quality of the transmission channel 

20 when a non-acknowledgement information (NACK) is to be sent. In such instance, the 
CQI information can be sent together with the non-acknowledgement information in 
the same subframe as shown in Fig. 3. The detection of an error in a received data 
subframe (and therefore the subsequent transmission of a NACK) is indeed a clue that 
the transmission conditions have deteriorated. The situation has been illustrated in Fig. 

25 5 where, at time t the receiver detects an error in a data subframe and consequently 
sends a non-acknowledgement information at time t'. fhe thick and the dotted arrows 
bearing reference number 520 respectively represent the transmission of a data 
subframe and a pilot symbol (or a known sequence) while the plain arrow 521 
represents the tranmiission of a NACK together with the CQI information. It should 

30 be noted that the estimation of the channel quality can itself be triggered by the 
detection of an erroneous subframe or» alternatively, the channel quality can be 
^^ematically estimated, the CQI information thus obtained being only sent in both 
cases where a subframe is found erroneous. 
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According to a &st variant, the CQI information is not sent with the non- 
acknowledgement information if the variation of quality of transmission channel lies 
under a predetermined threshold value 6. This measure avoids to send systematically a 
CQI information when the quality stays at a low level, therein preventing an increase 
5 of the interference level on the uplink. 

According to a second variant, the CQI information is sent only after that a 
predetemiined mininuim number of consecutive NACKs have been sent, thus 
avoiding to take into account spurious quality drops. 

10 

An additional advantage of the invention lies in the use of a longer reporting 
period Tr. Indeed, since a deterioration of the transmission conditions is reported 
without delay to the transmitter, a high reporting rate is not necessary and, 
consequently, the level of interference on the uplink can be kept at a low level. 

15 

Fig. 6 represents a time chart of a reporting process according to a second 
embodiment of the invention. Here ^ain the transmission of pilot symbols has been 
represented by dotted arrows, e.g. 610, 630, 650 the transmission of data by thick 
arrows, e.g. 620, 640 and the transmission of feedback information by plain arrows, 

20 e.g. 611, 621, 631, 641, 651. 

According to this embodiment, in addition to systematically reporting a CQI 
information at the scheduled times t'o, t'l, t'2* etc. and at the times a NACK is sent, 
e.g. time t', like in the first embodiment, a CQI information is also reported when the 
quality of the transmission channel improves at least a predetermined threshold 

25 value (A). More precisely, if at the time an acknowledgement information is sent back 
to the transmitter (e.g. time t'"), the transmission channel quality last estimated (here, 
at time f) has improved by more than A over the quality last reported (that is, the 
quality estimated at time t**), the new value of the CQI is transmitted with the ACK 
infomiation, preferably in the same subframe as shown in Fig. 3. 

30 According to a variant, the CQI information is sent only after the quality 

improvement has been observed over a predetermined minimum number of 
consecutive ACKs , thus avoiding to take into account spurious quality siirges. 
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The invention enables the base station to track rapid variations of the quality of 
the transmission channel If the reported quality improves, the base station may 
choose a higher modulation order, a higher channel coding rate or a lower 
transmission power* Conversely, if the reported quality deteriorates, the base station 
5 may choose, in order to maintain the Quality of Service (QoS), a lower modulation 
rate, a lower channel coding rate or a higher transmission power. In particular, the 
base station may choose the AMC scheme in accordance with the reported CQI 
information. 



CLAIMS 



1) Method for reporting the quality of a transmission channel between a 
transmitter and a receiver, said transmitter transmitting fi*ame$ of data over said 

5 transmission channel and said receiver sending back to said transmitter a non- 
acknowledgement information (NACK) when a received frame of data is detected as 
erroneous, said receiver sending to said transmitter at scheduled reporting times an 
information (CQI) representative of the quality of the transmission channel at said 
reporting times^ cliwacterised in that^ when said receiver sends a non- 
10 acknowledgement information back to sakl transmitter, it additionally sends an 
information representative of the quality of the transmission channel at the time a 
non-acknowledgement information is sent 

2) Method according to claim 1 , characterised in that, when said receiver sends 
15 a non-acknowledgement information back to said transmitter, it only sends said 

information representative of the quality of the transmission channel if the quality of 
the transmission channel has deteriorated by at least a predetermined amount (5) over 
the last reported quality of the transmission channel. 

20 3) Method according to claim 1, characterised in that, when a receiver sends a 

non-acknowledgement information back to said transmitter, said receiver only sends 
said information representative of the quality of the transmission channel if it has 
already sent a non-acknowledgement information at a predetermiaed number of 
consecutive times, 

25 

4) Method according to any preceding claim» characterised in that, when a 
received frame of data is detected as error-free^ the receiver sends back to said 
transnutter an acknowledgement information (ACK) and, if by the time said 
acknowledgement is sent, the quality of the transmission channel has improved by at 
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least a predetermined amount (A) over the last reported quality of the transmission 
channel, it additionally sends an information representative of quality of the 
information diannel at the time the acknowledgement information is sent. 

S) Method according to any preceding claim, characterised in thai said 
tran^nitter is included in a base station and that said receiver is included in a mobile 
terminal of a telecommunication system provided with an HSDPA access. 



ABSTRACT 

The invention concerns a method for reporting the qualHy of a transmission 
channel between a tmnsmitter and a receiver, said transmitter transmittit^ frames of 
data over said transmission channel and said receiver sending back to said transmitter 
a non-acknowledgement information (NACK) when a received frame of data is 
detected as erroneous and said receiver sending to said transmitter at scheduled 
reporting times an information representative of the quality of the transmission 
channel at said reporting times. When the receiver sends a non-acknowledgement 
information back to said transmitter, it additionally sends an information 
representative of the quality of the transmission channel at the time the non- 
acknowledgement information is sent. 
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